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Alignment of PLV Complete Genomes

Complete genomes of HIV-1, HIV-2, and SIV sequences are represented in the alignment. From
non-human PLVs, viruses infecting the following hosts were included: Chimpanzees, Pan troglodytes
troglodytes and P.t. schweinfurtii (cpz); the subspecies of African green monkeys, also known as
Savannah monkeys, Chlorocebus (previously Cercopithecus) aethiops aethiops (gri), C. a. pygerythrus
(ver), C. a. tantalus (tan) and C. a. sabaeus (sab); Drill-mangabeys including Sooty mangabeys,
Cercocebus atys (smm) and Macaques infected with sooty mangabey virus (mac, stm, mne), and Red-
capped mangabey, C. torquatus (rcm); Mandrills, Madrillus sphinxs (mnd-1, mnd-2) and Drills, M.
leucophaeus (drl); L’Hoest monkeys, Cercopithecus l’hoesti lhoesti (lst) and Sun-tailed monkey, C .l’h.
solatus (sun); Mona monkeys, C. mona mona (mon) and Dent’s monkey, C. m. denti (den); De Brazza’s
monkey, C. neglectus (deb); Greater Spot-nosed monkey, C. nictitans nictitans (gsn); Moustached
monkey, C. cephus cephus (mus); Syke's monkey, C. albogularis (syk); and Guereza colobus monkeys,
Colobus guereza (col).

As mentioned in the general introduction, there are now 5642 non-human PLV sequences available
in the database. During 2004, no new PLV species were published, and therefore the compendium
alignment has not changed this year (the more complete web-alignment has been updated, however). As
a result, and because a lot of work went into last years PLV section, the following discussion and the tree
in figure 1 are republished this year.

For the Primate lentivirus complete genome DNA alignment, one of each of the major subtypes of
the HIV-1 M group was chosen, plus one N group and 2 O group sequences. Six of the 7 SIV-CPZ were
included, SIV-CPZ-CAM5 was not included because it is quite similar to CAM3. Two HIV-2 A group
and 2 HIV-2 B group were included along with the single genomes sequenced to date for HIV-2 G and
HIV-2 U. Five SIV(Mac-SMM-MNE-STM) genomes were included in this alignment and more are
available in the HIV-2/SIV-SMM alignment.  For the rest of the SIVs, all complete genomes were
included. The principle in deciding which sequences to include in this alignment was to provide a
representative sampling of all primate lentiviruses which have had complete or nearly complete genomes
sequenced. Many HIV-1, HIV-2, SIVsmm and SIVmac genomes were not included, but they can be found
in the HIV-1/SIVcpz and HIV-2/SIVsmm alignments.

Table 1 lists the sequence name, accession number, isolation country, first author, and publication
for each of the sequences in this alignment. These genomes represent the full genome breadth of diversity
discovered to date in the primate lentivirus lineage. There are, however, more sequences from shorter and
partial genome and gene sequences available from some more simian species, but these are not included
in this alignment because they are too short. They are available through our search interface and some are
in the protein alignments in section VII. Non-primate lentiviruses such as equine infectious anemia virus
(EIAV) and caprine arthritis/encephalitis virus (CAEV) are more distantly related to each other and to
the primate lentiviruses, and are not included in this alignment.
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The tree in Figure 1 is a disclaimer of the apparent phylogenetic relationships between the PLVs.
As has been pointed out by several authors, several of the PLV sequences appear to be recombinant. For
instance, SIVrcm has been shown to display discordant clustering in different genomic regions (Beer et
al., 2001), SIVcpz has been described to have hybrid origins (Bailes et al., 2003), and SIVsab was
described as mosaic already ten years ago (Jin et al., 1994). As can be seen in Figure 1, trees based on
gag, pol and env gene sequences differ in their cladistic classification of the PLVs. The topology shown
is derived from the complete genome alignment in this section and the thin line arrows indicate alternative
clusterings as inferred in gag, pol and env gene trees. Note that this is not intended to be an exhaustive
analysis of potential recombination, but merely a display of the problematic relationships among PLVs.
The direction of the arrows is in most cases arbitrary and does not indicate direction of potential crossover
events or cross species transmissions. Although important, similar problems within the HIVs, such as the
recombinant structure of HIV-1 group N genomes (Roques et al., 2004) and the multiphyletic histories
of the CRFs, are not shown in Figure 1. The resulting network structure is likely the result of multiple
reasons, including true recombination between SIVs, lack of appropriate parental representatives, effects
of mutational rate differences, possible convergent evolution, and inadequate phylogenetic reconstruc-
tion methods. For instance, early attempts to describe mosaic structures of some SIVs has been revised
when virus from other simian species have become available. Also note that even though bootstrap
support is strong for many clusters, sequences within those clusters are involved in conflicting topologies,
and is thus not a method to reveal uncertainties resulting from any of these problems.  Therefore, any tree
containing PLV sequences should be interpreted with caution. Recently, several reviews and analyses on
the PLVs have been published (e.g., Bailes et al., 2002; Clewley, 2004; Foley, 2000; Peeters and
Courgnaud, 2002; Salemi et al., 2003).

The tree in Figure 1, as well as the separate gag, pol and env gene trees and the gapstripped
alignments the trees were calculated from are available at our website, http://www.hiv.lanl.gov.

The alignment was based on the previous version published last year, by a hidden Markov model
using HMMER and manual editing using the programs BioEdit and Se-Al. It is codon-aligned, meaning
that the correct translation reading frame has been maintained as much as possible; in the case of
overlapping frames, obviously one will not translate correctly. We have tried to “reset” the alignment so
that each new gene starts in the first frame; this means in some places empty columns have been inserted.
The annotation is unchanged from last year’s compendium. The HIV-2/SIVsmm vpx gene is postulated
to be a duplication of the vpr gene (Tristem et al., 1990) and thus there may be two alternative alignments
of this region of the genome, as there are for the duplicated stem-loops of the TAR element.

The annotation is based on known protein coding regions in HIV-1 and on annotations found in SIV
sequence database entries.  The protein cleavage sites that create Gag p17, Gag p24 and other mature
peptides from the Gag and Gag-Pol precursor polyproteins have been experimentally determined for
HIV-1 and at least one strain of HIV-2, the study of analogous cleavages in SIV polyproteins have not
been published. Two representative genomes have been translated; HIV-1 subtype B strain HXB2, and
SMM-239. The translations are provided as a visual aid for finding landmarks in the genomes.

Figure 1. Genetic relationships among Primate Lentiviruses (PLVs). The tree shows the inferred
relationships in the following PLV complete genome alignment. The thin line arrows indicate the main
differences inferred from the gag, pol and env gene fragments from the same alignment. Dashed tree
branches indicate inferred positions for known recombinant HIV-1 circulating forms. The resulting
network should therefore not be interpreted as a singular phylogenetic history of the PLVs. Asterisks
indicate bootstrap support ≥70% in the complete alignment. The scale bar at the bottom shows genetic
distance according to a F84 model with relative rates. The tree shown was constructed from a gapstripped
version of the DNA alignment in this section of the compendium, leaving 5327 unambiguously aligned
positions. A neighbor-joining tree, calculated using DNADIST (F84 model) and NEIGHBOR in the
PHYLIP package, was used as a guide to calculate relative site rates. The relative site rates were
estimated using a generalized version of DNArates (Korber et al., 2000) with eight categories (0.133;
0.287; 2.373; 6.826; 19.634; 56.472; and 115.653). Finally, these rates were given to fastDNAml (version
1.2.2) and a maximum likelihood tree was inferred from the gapstripped alignment (transition/
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transversion ratio = 2). The tree space was searched by both Jumble and Global Rearrangements (G 3 3). Bootstrap
support was calculated using SEQBOOT with the above 8 rate categories on 1000 resampled sets, and DNADIST and
NEIGHBOR in PHYLIP (version 3.6.2). The separate gag, pol and env alignments were created using a new version of
GeneCutter (see www.hiv.lanl.gov) and trees were calculated the same way as in the complete alignment with optimized
site rates (not shown). The Colobus SIVcol sequence, which is the most divergent PLV sequence, was used as outgroup
to visualize the tree using TreeEdit (version1.0) and Adobe Illustrator.
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Table 1: Table of Primate Lentivirus (PLV) Sequences in the Complete Genome Alignments

Name Accession Country Author Reference

H1B.FR.83.HXB2 K03455 France Wong-Staal, F Nature 313(6000):277–84 (1985)
H1A1.UG.85.U455 M62320 Uganda Oram, JD ARHR 6(9):1073–8 (1990)
H1B.US.90.WEAU160 U21135 U.S.A. Tozser, J FEBS Lett 281(1–2); 77–80 (1991)
H1C.ET.86.ETH2220 U46016 Ethiopia Salminen, MO ARHR 12(14):1329–39 (1996)
H1D.CD.84.84ZR085 U88822 D.R.C. Gao, F J Virol 72(7):5680–98 (1998)
H1F1.BE.93.VI850 AF077336 Belgium Laukkanen, T Virology 269(1):95–104 (2000)
H1G.SE.93.SE6165 AF061642 Sweden Laukkanen, T Virology 247(1):22–31 (1998)
H1H.CF.90.056 AF005496 C.A.R. Murphy, E ARHR 9(10):997–1006 (1993)
H1J.SE.93.SE7887 AF082394 Sweden Laukkanen, T ARHR 15(3):293–7 (1999)
H1K.CM.96.MP535 AJ249239 Cameroon Peeters, M ARHR 16(2):139–51 (2000)
H101_AE.TH.90.CM240 U54771 Thailand Laukkanen, T J Virol 70(9):5935–43 (1996)
H102_AG.NG.-.IBNG L39106 Nigeria Howard, TM ARHR 10(12):1755–7 (1994)
H1N.CM.95.YBF30 AJ006022 Cameroon Simon, F Nat Med 4(9):1032–7 (1998)
H1O.BE.87.ANT70 L20587 Belgium Vanden Haesevelde, M J Virol 68(3):1586–96 (1994)
H1O.CM.91.MVP5180 L20571 Cameroon Gurtler, LG J Virol 68(3):1581–5 (1994)
CPZ.CD.-.ANT U42720 D.R.C. Vanden Haesevelde, M Virology 221(2):346–50 (1996)
CPZ.CM.-.CAM3 AF115393 Cameroon Corbet, S J Virol 74(1):529–34 (2000)
CPZ.GA.88.GAB2 AF382828 Gabon Gao, F Unpublished
CPZ.GA.-.CPZGAB X52154 Gabon Huet, T Nature 345(6273):356–9 (1990)
CPZ.US.85.CPZUS AF103818 U.S.A. Gao, F Nature 397(6718):436–41 (1999)
CPZ.TZ.-.TAN1 AF447763 Tanzania Santiago, ML J Virol 77(3):2233–2242 (2003)
H2A.GW.-.ALI AF082339 Guinea-bissau Azevedo-Pereira, JM Unpublished
H2A.DE.-.BEN M30502 Germany Kirchhoff, F Virology 177(1):305–11 (1990)
H2A.SN.-.ST M31113 Senegal Kumar, P J Virol 64(2):890–901 (1990)
H2B.GH.86.D205 X16109 Ghana Dietrich, U Nature 342(6252):948–50 (1989)
H2B.CI.-.EHO U27200 Cote d’ivoire Rey-Cuille, MA Virology 202(1):471–6 (1994)
H2G.CI.-.ABT96 AF208027 Cote d’ivoire Brennan, CA ARHR 13(5):401–4 (1997)
H2U.FR.96.12034 AY530889 France Damond, F ARHR 20(6):666–672 (2004)
MAC.US.-.239 M33262 U.S.A. Kestler, H Science 248(4959):1109–12 (1990)
SMM.SL.92.SL92B AF334679 Sierra Leone Chen, Z J Virol 70(6):3617–27 (1996)
SMM.US.-.H9 M80194 U.S.A. Courgnaud, V J Virol 66(1):414–9 (1992)
STM.US.-.STM M83293 U.S.A. Novembre, FJ Virology 186(2):783–7 (1992)
SAB.SN.-.SAB1C U04005 Senegal Jin, MJ EMBO J 13(12):2935–47 (1994)
TAN.UG.-.TAN1 U58991 Uganda Stivahtis, GL Virology 228(2):394–9 (1997)
VER.KE.-.AGM155 M29975 Kenya Johnson, PR J Virol 64(3):1086–92 (1990)
VER.KE.-.9063 L40990 Kenya Hirsch, VM J Virol 69(2):955–67 (1995)
VER.DE.-.AGM3 M30931 Germany Baier, M Virology 176(1):216–21 (1990)
VER.KE.-.TYO1 X07805 Kenya Fukasawa, M Nature 333(6172):457–61 (1988)
COL.CM.-.CGU1 AF301156 Cameroon Courgnaud, V J Virol 75(2):857–66 (2001)
DEN.CD.-.CD1 AJ580407 D.R.C. Saragosti, S Unpublished
GRV.ET.-.GRI_677 M66437 Ethiopia Fomsgaard, A Virology 182(1):397–402 (1991)
GSN.CM.99.CN166 AF468659 Cameroon Courgnaud, V J Virol 76(16):8298–309 (2002)
GSN.CM.99.CN71 AF468658 Cameroon Courgnaud, V J Virol 76(16):8298–309 (2002)
DRL.-.x.FAO AY159321 Hu, J J Virol 77(8):4867–4880 (2003)
RCM.GA.-.GAB1 AF382829 Gabon Gao, F Science 300(5626); 1713 (2003)
RCM.NG.-.NG411 AF349680 Nigeria Beer, BE J Virol 75(24):12014–27 (2001)
MND-2.-.-.5440 AY159322 Hu, J J Virol 77(8):4867–4880 (2003)
MND-2.CM.98.CM16 AF367411 Cameroon Takehisa, J ARHR 17(12):1143–54 (2001)
MND-2.GA.-.M14 AF328295 Gabon Souquiere, S J Virol 75(15):7086–96 (2001)
MNE.US.-.MNE027 U79412 U.S.A. Kimata, JT J Virol 72(1):245–56 (1998)
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LST.CD.88.447 AF188114 D.R.C. Beer, BE J Virol 74(8):3892–8 (2000)
LST.CD.88.485 AF188115 D.R.C. Beer, BE J Virol 74(8):3892–8 (2000)
LST.CD.88.524 AF188116 D.R.C. Beer, BE J Virol 74(8):3892–8 (2000)
LST.KE.-.lho7 AF075269 Kenya Hirsch, VM J Virol 73(2):1036–45 (1999)
SUN.GA.98.L14 AF131870 Gabon Beer, BE J Virol 73(9):7734–44 (1999)
MND-1.GA.-.MNDGB1 M27470 Gabon Tsujimoto, H Nature 341(6242):539–41 (1989)
MON.CM.99.L1 AY340701 Cameroon Courgnaud, V J Virol 77(23):12523–12534 (2003)
MON.NG.-.NG1 AJ549283 Nigeria Barlow, KL J Virol 77(12):6879–88 (2003)
MUS.CM.01.1085 AY340700 Cameroon Courgnaud, V J Virol 77(23):12523–12534 (2003)
DEB.CM.99.CM40 AY523865 Cameroon Bibollet-Ruche, F J Virol 78(14):7748–7762 (2004)
DEB.CM.99.CM5 AY523866 Cameroon Bibollet-Ruche, F J Virol 78(14):7748–7762 (2004)
SYK.KE.-.KE51 AY523867 Kenya Bibollet-Ruche, F J Virol 78(14):7748–7762 (2004)
SYK.KE.-.SYK173 L06042 Kenya Hirsch, VM J Virol 67(3):1517–28 (1993)
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